Betaine has been shown to curb liver fat accumulation and it has been broadly recognized as a 72 safe and effective therapy for alcoholic fatty liver disease (Purohit et al. 2007 ). The beneficial 73 role of choline and betaine was also clearly observed with respect to non-alcoholic 74 steatohepatitis (which develops in obesity) when oral supplements improved homocysteine 75 levels, lipid profile (attenuation of fatty liver and proper export and formation of triglycerides 76 and VLDL), steatosis, inflammation and fibrosis (Cordero et al. 2013) . Therefore, it is clear that 77 a diet enriched in choline is beneficial in the prevention and treatment of obesity related 78 disorders. However, it is not known if dietary choline could regulate muscle function and 79 mitigate muscle IR and lipotoxicity.
80
It is becoming increasingly evident that skeletal muscle phospholipids are important mediators of 81 insulin sensitivity and muscle contraction. Muscle-specific knockout models for D r a f t 6 has systemically reduced PE biosynthesis (Basu et al. 2015) . Young Pcyt2 +/-mice are D r a f t 7 (5 ml/day/mouse), and mouse weight (Schenkel et al. 2015) . Thus, in addition to 17 mg/day 116 obtained from diet, the Pcyt2 +/-CHO group obtained additional 10 mg choline/day from water,
117
which was a 59% increase in total choline intake. The recommended adequate intake (AI) for 118 choline is 425 mg/day for women and 550 mg/day for men (Penry and Manore 2008) .
120

Analysis of phospholipids and cholesterol
121
The analysis of muscle phospholipids and cholesterol was performed by HPLC (Agilent
122
Technologies, Santa Clara, CA, USA) as before (Schenkel et al. 2015) . Skeletal muscle samples (50 mg; n = 3 per group) were hydrolyzed in 500 µl 30% KOH.
145
Homogenates were heated to 100°C for 30 min with frequent vortexing. Glycogen was 146 precipitated with 600 µl of 95% ethanol, kept on ice for 45 min and centrifuged at 840 x g for 30
147
min. Glycogen pellet was dissolved in 1 ml of water by vortexing. The glycogen solution was 148 mixed with 1 ml of 5% phenol and 5 ml of 98% sulfuric acid was then added and kept at room 149 temperature for 10 min. Samples were cooled on ice for 30 min and developed colour which was 150 determined spectrophotometrically at 490 nm. A standard curve was generated using pure 151 glycogen (Roche) (Lo et al. 1970) .
153
Immunoblotting
154
Muscle samples (50 mg; n = 3 per group) were homogenized in cold lysis buffer (10 mM Tris-
155
HCl [pH 7.4], 1 mM EDTA and 10 mM NaF) containing protease (1/10) and phosphatase
156
(1/100) inhibitor cocktails (Sigma 
Results
199
Choline modifies membrane composition and reduces TAG accumulation in Pcyt2 +/-muscle
200
The analysis of the membrane lipids in choline treated and control muscle is shown in Fig. 1A .
201
The content of the major phospholipids PE and PC in the Pcyt2 +/-muscle was similar to the Taken together, the gene expression data and the metabolic analysis in Fig. 1 To support improvements in FA formation (Fig. 2 ) and mitochondrial oxidation (Fig 3) , we then 271 assessed the effect of choline on the insulin signaling pathway. As shown in Fig. 4A 
Conclusion
375
Choline supplementation has the ability to affect muscle metabolism and improve insulin 376 signaling in mice that have a reduced proficiency to synthesize the membrane phospholipid PE.
377
The mechanisms that link choline with improvements in IR muscle signaling and energy 
D r a f t
Figure 1 
